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1 Introduction

Given that that on the downlink, there might be Un PDSCH, Un R-PDCCH, and Uu PDSCH (For UEs) multiplexed together, the R-PDCCH format need to be compatible with the already defined formats for UEs. In particular, it makes sense to support a given set of DCI formats for the R-PDCCH transmission.
In this contribution, DCI formats for DL Grant R-PDCCH transmission and the related transmission modes are discussed.

It is proposed that the supported DCI formats for R-PDCCH transmission are: DCI formats 1/1A/1B/1C/2/2A/2B/2C.
2 Discussion

2.1 Supported DCI Formats for R-PDCCH Transmission

The useful transmission modes for Un PDSCH are:

· Mode 1: Single antenna port, format 1

· Mode 2: TxD, format 1
· Mode 3: LD-CDD or TxD, format 2A
· Mode 4: CLSM or TxD, format 2

· Mode 6 CLSM w. single layer, format 1B 

· Mode 8 Dual layer or single layer, format 2B
· Mode 9 Up to four layers, format  2C
Mode 1 and 2 are obvious open loop fallback modes that must be supported. Mode 3, Mode 4 provides the high spectral efficiencies with lower and higher feedback overhead respectively. In the case of deployment in a low rank channel (i.e. mostly rank 1 transmission), using Mode 6 would save feedback reporting overhead. Mode 8 and 9 provide solutions for precoding/beam-forming and very high spectral efficiencies (Mode 9). Considering that Mode 8 can include Mode 7, Mode 7 need not be supported. Finally, Mode 5 can be excluded since better MU-MIMO support is possible with Mode 9.

Given that format 1A and 1C are very robust, at least RN specific system information should be transmitted using format 1A or 1C since this information should be transmitted with maximum robustness. In addition format 1A can also be used for the fallback operation.
The supported transmission modes and DCI formats for R-PDCCH are listed in table 1. 
Table 1: R-PDCCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to R-PDCCH

	Mode 1
	DCI format 1A
	Common and

RN specific by C-RNTI
	Single-antenna port, port 0



	
	DCI format 1
	RN specific by C-RNTI
	Single-antenna port, port 0

	Mode 2
	DCI format 1A
	Common and

RN specific by C-RNTI
	Transmit diversity

	
	DCI format 1
	RN specific by C-RNTI
	Transmit diversity

	Mode 3
	DCI format 1A
	Common and

RN specific by C-RNTI
	Transmit diversity

	
	DCI format 2A
	RN specific by C-RNTI
	Large delay CDD or Transmit diversity

	Mode 4
	DCI format 1A
	Common and

RN specific by C-RNTI
	Transmit diversity

	
	DCI format 2
	RN specific by C-RNTI
	Closed-loop spatial multiplexing or Transmit diversity

	Mode 6
	DCI format 1A
	Common and

RN specific by C-RNTI
	Transmit diversity

	
	DCI format 1B
	RN specific by C-RNTI
	Closed-loop spatial multiplexing using a single transmission layer

	Mode 8
	DCI format 1A
	Common and
RN specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity 

	
	DCI format 2B
	RN specific by C-RNTI
	Dual layer transmission; port 7 and 8  or single-antenna port; port 7 or 8 

	Mode 9
	DCI format 1A
	[ Common and
RN specific by C-RNTI ]
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used  [otherwise Transmit diversity ]Note

	
	DCI format 2C
	RN specific by C-RNTI
	[TM9 transmission scheme] [or Transmit diversity]


Note: [1] Temporary place holder with actual contents (if any) needing further agreement as indicated by use of “ [ . ] “ .
2.2 Resource allocation type for R-PDCCH

It was agreed in RAN1#59bis that “Both frequency distributed and frequency localized R-PDCCH placement are supported.” The localised and distributed transmission can be dynamically switched with blind detection or semi-statically switched. The resource allocation together with the search space design is discussed in [2].
3 Conclusions

It is proposed to adopt DCI formats 1/1A/1B/1C/2/2A/2B/2C DCI formats for R-PDCCH transmission.
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